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Specification 

1 . TITLE OF THE INVENTION 
Heat Treatment Apparatus for 

Semiconductor Wafer 

2. CLAIMS 

( 1 ) A heat treatment apparatus for a 
semiconductor wafer heat treating a semiconductor 
wafer inserted into a high temperature furnace, said 
heat treatment apparatus for a semiconductor wafer 
providing a loading/unloading port for the 
semiconductor wafer at the bottom of said high 
temperature furnace and providing a ceiling heater 
and side heater at a ceiling part and side part of the 
inside wall of said high temperature furnace. 

(2) A heat treatment apparatus for a 
semiconductor wafer as set forth in claim 1, wherein 
said ceiling heater is divided into a plurality of 
sections in the radial direction and heater wires form 
spiral shapes at each section. 

(3) A heat treatment apparatus for a 
semiconductor wafer as set forth in claim 1 , wherein 
said ceiling heater is divided into a plurality of 
sections in the radial direction and heater wires form 
zigzag shapes at each section. 

(4) A heat treatment apparatus for a 
semiconductor wafer as set forth in claim 1 , wherein 
said side heater is divided into a plurality of sections 
in the vertical direction and heater wires form coil 
shapes at each section. 



(5) A heat treatment apparatus for a 
semiconductor wafer as set forth in claim 1 , wherein 
said ceiling heater and side heater can be 
independently controlled in amount of heat 
generated. 

(6) A heat treatment apparatus for a 
semiconductor wafer as set forth in claim 1 , wherein 
said high temperature furnace is a vertical cylindrical 
type. 

3. DETAILED DESCRIPTION OF THE 

INVENTION 

(Field of Utilization in Industry) 

The present invention relates to a heat 

treatment apparatus for a semiconductor wafer such 

as a C VD apparatus, more particularly relates to a 

heat treatment apparatus for a semiconductor wafer 

suitable for uniform heat treatment of a.- 

semiconductor wafer. 
(Prior Art) 

In the past, a heat treatment apparatus for 
heat treating a semiconductor wafer in a vertical 
cylindrical type high temperature furnace, as 
described for example in Japanese Unexamined 
Patent Publication (Kokai) No. 60-171723, forms a 
heat treatment space, that is, heat treatment chamber, 
by a heater provided at the side part of the inside 
wall of a high temperature furnace, inserts a 
semiconductor wafer from a loading/unloading port 
of the semiconductor wafer formed at the bottom of 
the heat treatment chamber, performs heat 



(2) 



treatment, then takes out the wafer from the 
loading/unloading port. 

(Problems to be Solved by Invention) 
In the above prior art, however, since a 
heater is provided only at the side part of the inside 
wall of the high temperature furnace, when heat 
treating a large diameter semiconductor wafer, when 
the temperature of the semiconductor wafer inserted 
into the heat treatment chamber rises, the periphery of 
the semiconductor wafer becomes high in 
temperature while the center part becomes low in 
temperature, that is, the distribution of temperature in 
the plane of the semiconductor wafer becomes 
uneven. Due to this, there was the problem that 
variations occurred in the properties of the 
semiconductor wafer. This problem is solved by the 
use of a large high temperature furnace, but in this 
casejthere is Ae = problem_that ,the amount of heat - 
radiated to the outside becomes larger. 

An object of the present invention is to 
provide a heat treatment apparatus for a 
semiconductor wafer designed to enabling uniform 
heating of the semiconductor wafer as a whole when 
heat treating a semiconductor wafer inserted into a 
high temperature furnace. 

(Means for Solving the Problems) 
To achieve the above object, the present 
invention provides a heat treatment apparatus 
apparatus for a semiconductor wafer heat treating a 

treatment apparatus 1 for a semiconductor wafer is 
provided with a high temperature furnace 2. an 
insertion jig 3, a loading jig 5, and an unloading jig 6. 

The high temperature furnace 2 is formed 
into a vertical cylindrical shape and is comprised of a 
casing 8. a reaction tube 9. a soaking tube 10. a 
ceiling heater 1 1. and a side heater 12. The casing 8 
is a cylindrical member comprised of a heat 
insulating material and having a closed top end. The 
bottom end is supported by refractory brick 14 placed 
on the stainless steel flange member 13. A hollow 
chamber 15 of a circular cross-section is formed 
inside. 

The reaction tube 9 is a cylindrical member 
comprised of quartz and closed at the top end. It is 
housed in the hollow chamber 1 5 so that its center 
line matches with the center line of the hollow 
chamber 1 5. The bottom end is placed on the flange 
member 13. The soaking tube 10 is a cylindrical 
member comprised of silicon carbide etc. closed at 
the top end. It is arranged between the inside wall of 
the center chamber 1 5 and the outer peripheral 
surface of the reaction tube 9 so that its center axis 
matches with the center axis of the hollow chamber 
1 5. the bottom end is placed on refractory bricks 14. 
A plurality of the refractory bricks 14 are assembled 



semiconductor wafer inserted into a high 
temperature furnace, providing a loading/unloading 
port for the semiconductor wafer at the bottom of 
said high temperature furnace and providing at the 
ceiling part of the inside wall of said high 
temperature furnace a spiral shaped ceiling heater 
divided into a plurality of sections in the radial 
direction or a zigzag shape ceiling heater and 
providing at the side part of the inside wall of the 
high temperature furnace a coil-shaped side heater 
divided into a plurality of sections or a zigzag shaped 
side heater. 

(Mode of Operation) 

According to the above configuration, 
when inserting a semiconductor wafer into the high 
temperature furnace for heat treatment, the periphery 
of the semiconductor wafer is mainly heated by the ~ 
side heater, while "the center of the ^miconductor is 
mainly heated by the ceiling heater. By controlling 
the amounts of heat generated by the heaters, the 
temperature distribution in the plane of the 
semiconductor wafer becomes uniform and good 
heat treatment is performed. 

(Embodiments) 

Next, the present invention will be 
explained with reference to the embodiments shown 
in the drawings. 

FIG. 1 to FIG. 4 relate to a first 
embodiment of the present invention. The heat 

together, so at the time of maintenance, it is possible 
to take out the soaking tube 1 0 from the casing 8 
together with part of the refractory bricks 14. 

The ceiling heater 1 1 is shaped as a disk 
formed by a resistance heating wire wound in a 
spiral and is divided into a plurality of sections in the 
radial direction. For example, it is comprised of two 
sections, that is, the large diamter first ceiling heater 
1 1 A and the small diameter second ceiling heater 
1 1 B. They are both arranged at the ceiling part 1 5a 
of the inside wall of the hollow chamber 16 centered 
on the center line of the hollow chamber 15. Further, 
temperature sensors 18A and 18B are buried in the 
casing 8 near the first and second ceiling heaters 
1 1 A and 1 IB. These temperature sensors 1 8 A and 
1 8B control the amounts of heat generated by the 
first and second heaters 1 1 A and 1 IB. 

The side heater 1 2 is formed by a 
resistance heating wire wound in a coil shape and is 
for example comprised of two sections divided in the 
vertical direction, that is, a first side heater 1 2A and 
second side heater 1 2B. It is arranged facing the 
outside wall of the soaking tube 10 at the side part 
1 5b of the inside wall of the hollow chamber 1 5. 
Temperature sensors 16 A, 16B are buried in the 
casing 8 near the first and second side heaters 
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12 A, 12B. The temperature sensors 16A and 16B 
control the amounts of heat generated by the second 
side heaters 12A and 12B. Not shown heater 
supports are arranged between the top end of the first 
side heater 12A and outer peripheral surfaces of the 
first and second ceiling heaters 1 1 A and 1 IB. The 
heater supports hold the first and second ceiling 
heaters 1 1 A arid 1 IB at the ceiling part 1 5a. Further, 
the first and second ceiling heaters 1 1 A and 1 IB and 
the first and second side heaters 12A and 12B control 
the heating in the heat treatment space, that is, the 
heat treatment chamber 1 9, formed in the inside 
peripheral surface of the reaction tube 9. 

The insertion jig 3 has heat resistance and is 
made of a material inert with respect to heat or a 
magnetic field, for example, quartz glass. It is 
attached cap 20 comprised of quartz glass filled 
inside itjyith__quartz wool or another heat insulating 
material. It is set so as to approach the inside of the 
heat treatment chamber 1 9 from the semiconductor 
wafer loading/unloading port 21 formed in the flange 
member 1 3. A U-shaped bulge 3a formed at the top 
of the insertion jig 3 is formed with horizontal 
direction grooves for carrying the semiconductor 

shown reaction gas supply pipe and is exhausted from 
a reaction gas exhaust pipe. 

Next, the action of the first embodiment of 
the present invention will be explained. 

As shown in FIG. 4, the loading jig 5 
carrying one semiconductor wafer 22 at its projecting 
parts 5a is moved forward by a drive device 25B to a 
position reaching the inside of the bulges 3 a of the 
insertion jig 3 near the bottomost point in the 
direction of the arrow E. Due to this, the 
semiconductor wafer 22 is transferred to the bottom 
groove 3c. Next, the loading jig 5 is retracted by the 
drive device 25B in the direction of the arrow F, 
carries a new semiconductor wafer 22 on its 
projecting parts 5a, and transfers the semiconductor 
wafer 22 to the top groove 3b of the insertion jig 3 
descending to the bottommost point by the drive 
device 25A due to a similar action to the above. Next, 
in the same way as above, the loading jig 5 is 
retracted in the direction of the arrow F. 

In this way, the insertion jig 3 carrying two 
semiconductor wafers 22 rises until it reaches a 
predetennined position in the heat treatment chamber 
1 9 in the direction of the arrow A by the drive device 
25A. Further, the semiconductor wafers 22 are heat 
treated in the heat treatment chamber 19 at a high 
temperature (about 1000EC). 

In this case, the top first side heater 1 2 A 



wafer 22, for example, two grooves 3b, 3c, at facing 
walls. Further, the insertion jig 3 is configured so as 
to be able to move up and down in the direction of 
the arrows A-B by a motor or other drive device 
25 A controlled by a not shown control device 
attached to the support member 23 fixed at the 
bottom end. 

The loading jig 5 is configured to be able to 
move horizontally in the direction of the arrows E-F 
by the drive device 25B controlled by the control 
device and is formed with projecting parts 5a for 
carrying a semiconductor wafer 22 on its top surface. 
The unloading jig 6 is arranged facing the loading jig 
5 below the high temperature furnace 2 via the 
insertion jig 3. It is configured so as to be able to 
move horizontally in the direction of the arrows G-H 
by the drive device 25C controlled by the control 
device and is formed with projecting parts Ba for 
carrying a semiconductor wafer 22 on its top surface. 

Note that the inside of the heat treatment 
chamber 1 9 is supplied, in accordance with the 
conditions of use, with nitrogen, argon, oxygen, 
water vapor, or another reaction gas from a not 



particularly heats the periphery of the two 
semiconductor wafers 22, the first and second 
ceiling heaters 11 A and 1 IB particularly heat the 
center of the top semiconductor wafer 22, and the 
bottom second side heater 1 2B heats the center of 
the bottom semiconductor wafer 22. 

The correspondence between the 
temperatures of the heaters and the temperatures of 
the parts of the semiconductor wafers 22 is set in 
advance. Due to this, the amounts of heat generated 
are controlled so that the temperature distribution in 
the semiconductor wafers 22 becomes uniform. 
Further, this control is easily effected by the 
temperature sensors 16A, 16B, 18A, and 18B ■ 
provided near the heaters. 

The heater supports arranged between the 
outer peripheral surface of the ceiling heater 1 1 and 
top end of the first side heater 1 2 A are low in 
temperature, so tends to make the distribution of 
temperature in the plane of the semiconductor wafer 
22 nonuniform. The effect of the heater supports 
decreases as the amount of heat generated by the 
outside first ceiling heater 1 1 A is made larger than 
the amount of heat generated by the inside second 
ceiling heater 1 1 B. As a result, the temperature 
distribution in the plane of the semiconductor wafer 
22 becomes uniform. Further, at the time of heat 
treatment of the semiconductor wafer 22, as shown 



in FIG. 1, the loading/unloading port 21 is closed by 

the heat insulating cap 20 so as to enable the amount 

of heat radiated to be reduced. 

■ To take out the heat treated semiconductor 

wafer 22, first the insertion jig 2 is made to descend 
to near the bottommost point by the drive device 
25A. Next, the unloading jig 6 is made to move 
forward to a position reaching the inside of the bulges 
3a of the insertion jig 3 in the direction of the arrow 
G by the drive device 25C. Due to this, the bottom 
semiconductor wafer 22 is transferred to the 
projecting parts 6a of the unloading jig 6. Next, the 
unloading jig 6 is made to retract to the direction of 
the arrows H by the drive device 25C so as to unload 
the semiconductor wafer 22 to the outside. When 
takine nut thp trm 

insertion jig 3 is made to descend to the bottommost 
point by the drive device 25A and the same.action as . 
described above is performed. 

Note that in the above first embodiment the 
case is shown of dividing the side heater 1 2 into two 
sections, but if dividing the side heater 12 into three 
or more sections, it is possible to make the 
temperature distribution in the plane of the 
semiconductor wafer 22 even more precise and 
uniform. Therefore, for example, the case of dividing 
the side heater 1 2 into three sections will be 

with a ceiling heater. 

Further, the effect is the same even if the 
ceiling heater 1 1 is made a zigzag type celing heater 
shown in FIG. 5. 

FIG. 6 relates to a second embodiment of 
the present invention. The difference from the first 
embodiment lies in the fact that a shaft part 3d of the 
insertion jig 3 is inserted into a through hole 30a 
formed in the heating insulating member 30 arranged 
below the high temperature furnace 2 via the loading 
jig 5 and unloading jig 6. According to the second 
embodiment, since the bottom of the high 
temperature furnace 2 is never opened, there is little 
fluctuation m temperature in the high temperature 
furnace 2. As a result, it is possible to heat treat the 
semiconductor wafer 22 at a more uniform 
temperature. The rest of the configuration and the 
action are similar to those shown in the first 
embodiment. 

(Effects of the Invention) 
As explained above, according to the 
present invention, at the time of transition when 
inserting a low temperature semiconductor wafer into 
the heat treatment chamber and raising it in 
temperature and at the steady state when raising the 
semiconductor wafer to a constant temperature, it is 
possible to heat treat the semiconductor wafer while 
maintaining a uniform temperature distribution so it 
is possible to raise the quality of the semiconductor 
wafer. As a result, it is possible to greatly reduce the 
defect rate when processing a large 



explained. 

When inserting a low temperature 
semiconductor wafer 22 into the heat treatment 
chamber 1 9, the rate of rise of temperature of the 
semiconductor wafe 22 differs from the rate of rise 
of temperature of the cap 20. In this case, the side 
heater 1 2 at the center controls the amount of heat 
generated in accordance with the rate of rise of - 
temperature of the semiconductor wafer 22 while 
the bottommost side heater 1 2 controls the amount 
of heat generated in accordance with the rate of rise 
of temperature of the cap 20, whereby the 
distribution of temperature in the plane of the 
semiconductor wafer 22 at the time of transition can 
be made further uniform. 

Note that in the above embodiment, the 
case, of dividing the ceiling heater 1 1 into two 
sections was-shownrbut-if "dividing ifinto three or ~ 
more sections, it is possible to make the temperature 
distribution in the plane of the semiconductor wafer 
22 even more precise and uniform. Further, even 
when not dividing the ceiling heater 1 1 into sections 
and leaving it as one part, while the precision drops, 
it is still possible to make the temperature 
distribution in the plane of the semiconductor wafer 
22 strikingly more uniform compared with a 
conventional high temperature furnace not provided 

integrated circuit. Further, it is possible to perform 
heat treatment at a high precision necessary for the 
large size of semiconductor wafers and the increased 
thinness and fineness of interconnect patterns 
Further, by providing the ceiling heater at the ceiling 
part of the inside wall of the high temperature 
furnace, it is possible to reduce the distance between 
the semiconductor wafer and ceiling part, so it is 
possible to make the high temperature fiirnace 
smaller in size and reduce the amount of electricity 
consumed. 

4. BRIEF DESCRIPTION OF THE 
DRAWINGS 

FIG. 1 to FIG. 4 relate to a first 
embodiment of the present invention, wherein FIG 1 
is a longitudinal sectional view of heat treatment 
apparatus for a semiconductor wafer in the state with 
an insertion jig inserted into a heat treatment 
chamber, FIG. 2 is a partial perspective view of an 
insertion jig, FIG. 3 is a plan view of a first and 
second ceiling heater, FIG. 4 is a longitudinal 
sectional view of a heat treatment aooaratus for a 
semiconductor wafer in the state with the insertion 
jig descending to near the bottommost point, and 
FIG. 5 is a plan view of another embodiment relating 
to a ceiling heater of the present invention. FIG. 6 
relates to a second embodiment of the present 
invention and is a longitudinal sectional view of a 
heat treatment apparatus for a semiconductor wafer 
m the state with the insertion jig inserted into the 
heat treatment chamber. 



1... heat treatment apparatus for semiconductor wafer 

2... high temperature iurnace, 1 1... ceiling heater, 

1 1 A. . . first ceiling heater, 

1 IB... second ceiling heater, 

12... side heater, 12A... first side heater, 

1 2B... second side heater, 

15a... ceiling part, 15b... side part, 

2 1 ... semiconductor wafer loading/unloading port, 

22. . . semiconductor wafer 

Agent: Tatsuyuki Unuma 
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